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ABSTRXT

W ●xterd the prevlam ntr.dies of intense h@cmg-
titic waves at Gia*ini-Zinner to investigate the
de ●rd direction of wave propagation. Sirrultane-
ous hlgkreeolution nwasu~nts of ●lectrm derr
Slty fluctuacione damrtecrate that the 1- ~riod
(- 100 s) waves are prqagatinp in the magnet-
●llic de. *inci~l axis ●nalyses of the long
rnrid waves ●nd ●ccompanying prtial rotations
S* that the sun of the wave phase rotatlms 1s

360”, lndlcatiq that kth are parts of the sme
wave Oscillation. Fran the t Inn sequenm of the
stse~md waveform otme~ed by ICE, we dawmec rate
that the waves rrust pr~ate tcuards th~ SIII w{ ●h

Cph < ‘SW All available obeenfaths are consls-
tmt with wave generation by the resomnt km ring
or h bem instability which predicts riqhc-hand
PJlarIZWd wows prqagatinq in the im bean (solar)
direction.

The largo urplitlxleg ATi/l En-0( 1) and mall scale
slzem (rota tiona: dimmntlnuitiea) of the cmmta~
waves s~est that rapid pitch-angle acaccerlng and
●rn~ transfer with ●rmrqetlc ions should occur.
SlnLe the waves are highly mrpressive, Allll/l Bl
● 0(0,5), one can also ant. iclpate first-order Fermi
●ecelerat itm.

KepOrda: WIDWnVen, Glmmhlnl-Zlnmr, ICE, plama
instabilities.

1. IltTH)lJJLTICN

Hlqtrlntenslty lWDturbu:,:nce as large asl~ nT2/14z
WM discovarti ~ the mymtmetmr ●nd plamm im
ctrumnt on busrd the ICE spamcratr. over ●n ●xtond-
d (> ld km) rqion surrcwwllrq cmnet Giacchlnl-
2inmr (rcfs. 1-41. Siml~df tlJrb.IlenCO has also
ben briefly rqxxted an a fnaturo of tho molnr
wid l~teractim with mnnt Halley (Pmfai 5 and 61
Cor !%kiqake and Cimt.o olmrvatlmm, rwspxtlvoly.

It h the pupJn of thim ~per to extoti tho pr~
v~wfl MJrk Of ~UrUtanl and .%lth (ref S. 2-3) hy
oxmlnlrq tihmltatims plamrw and field dnta in an
attenpt to identify the nmln rJt tho lorq Prim!
Maven. MrJltll.wIlly, W will diw.wnn tho ClmL9FJarxl
rate of uavm stoepmlrq and dwmnq~ratn hc~ thnnw
ttespwrd wavm unlqmiy Msntlfy thn dlrwtlon of
prqb?gatlcm anl thn nentw of waw ~larlzstlon in
thw plamwA frhm, [t will h ❑twn that. all ●vail-

able observational evidenm is ecmistent with the
long period tsnlsskms telng right-hsnd plarlzed
maqnet=onic waves generated by the ananelcws cycle
tron resonance with pick-p Ions.

2. OELSEWATI(MS

The mgnetlc field and ●lectrcm data have been
intermqared for the entire encounter interval.
It bas faJd that the correlations bmre often mixed
with no obvious or mmistent feature readily ap@r-
●nt, wl:h one noticeable •xceptlo~, At and mar the
lrbund - ~ve there wsc a rmsrkahle mrrelatlon
bet-en tho msgnotlc field wagnltuda and plasma
dmrm!ty. ~is is ako the rcqiw !kI&LULIw -v~m
have their largeet qlltudes, are rmet cmpreaeive
~nd mat poriodicc This is Illustrated in Flgur.

. &or tho lntetval illustrated, there 1S a

strong correlatlcm betwen B2 (and, of
B) and N,

yrse, ●lso

Incmasos and decreases in B ●re acmm-
pankt by slnultanems increaees ●nd decreases in
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FirjIIPIY 1. A m~trlnrm of th~ vnrlatlum irl rmu-
nntle Ciald rrqnltu(ln wpnrd (in blw:k)
and aloctrcwl plami clonnlty (In rud)i
For thm lnt,nrval illuntratcd, thu twn
parmrmtorn ar* strorqly curr~latmll ir~
rlicntlrqtht the Cluctuatllm arw fmt
nmlw HID Wavlls,

1



. _—

N. The r-rkeble correlatim between density ard
nqnetic field 1s ccmistent with the curpresslve
oscillations of fast~cde waves. It will be WI*
bl- that all ●vailahle ob+servationalddta su~rts
this incerpretatbn.

lhe spatial depwxkncv of the ermt?tary uaves at
Giacobini-Z~nner (as disassed in ret. 3) have ben
investigated. A schmatic of the results is illus-
trat~ in Fiqure 2. At large distances (- 106
km) fran the mnet, the observed magnetic fluctua-
c[ons are predctninantly due to elliptically @aL-
ized, lonq~rbd hytlrarzxpetic waves (see 0321-
0124 W ●x~lo a: a distance- 5.5 x 105 km fran
the nucleus). At these distances, Lhere is little
●videnm for tho presenca of high frqueney wave
packets or partial rotations. At closer distances
(- 3.5 x 105 km at 06T,I-06J6 UT), the waves ars
rrore ca~ressivc and there is a mixture of kth
partial rotations and high Erquency wave packets
ss~iated with the magneclc capression of the
lorq periml waves. Shwn in the u~r right of the
fiqure are ●xacples of high fraquenq wave packtits
at the wave compressions, ‘tlIis latter interval,
0913-0916 UT, 1s when ICE was in Che bru wave, 1-
catd at a distance- 105 km frun t!.e -t nucleus
(ref. 1). TFIIs interval was
Fiqure 1.
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The MHDwave char~cter as a functl~ of
distance frmn the cumet, Tho sale 1s
linear,

reeoluticm (3 vuctor:~/s) data wre ana-
thc abvn ex.~lm and thu rosulta of

dkis analysen (ref. 7) are llluntratml
3. 7he St.lnrl#r,l not,ltlon of B!, lla and
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Fiqure 3. Rincipal axis analysis results of wave
exanplcs shwn In figure 2. The left-
hand colunn and central colunn panels
are the principal axis ~ents of P
low periaj wave and of the follc~ing
petttal rotation, respectively. me h-
dqran at the top WicMJs Mat each m
Slsts of - 1809 rotatioms.

2.1 WIve Stewpenirq

Let us first consider’the ir&lIcatIons of having
large enpl!tde fastmrxle waves ge~rated in the
plasae. Without ●ddltlcml constraints on the -
ch~nimn of ua’~e generation, the wave~ can, in prirr
C1P1O, prcpagate With Vekity ~h either t-d or
awy fran the Sm in the plasne Crsme, ●s illus-
trated in Figure 4. In a ccqxesslbis -d!un, wve
stoepenlng w1ll occur r!turally as a direct mnsn-
qvence of the cha~e In kave phasn ●peed $,h dur to
the presence of large enplltde fluctuaticis. ‘fhe
rat. of ●teopenlng is prtirily mntrolleu by the
densit~ fluctuatlcm 40/D, or cmprcssibllity of
the modiun (ref. 8). In the vlclnlty of the bw
wavo whoro dO/P = O(l), ono can thus expect ve~
rapd st~’pening for large enplicurle mrprossional
WOVCS. Mlcal stool%nlrq lenqthu are on tho ordur
of m? wsvolength.
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PROPAGATION TOWARDS SUN

PROPAGATION AWAY FROM SUN

Figure 4. A schmwtlc illustratl~ sowral ~al-
bl 1 ltieo of wave prqsgmlon: ●) waws

P~eUat@ towrh the aun in the plamna
frmne, Lmt are convected in th~ anti-
solar directicm In thti inertial (spa-
craft) frmne, b) waves pr~gatlq t-
warda the aun in troth plama and iner-
tial trams, c) wavfis prcpagatl~ away
fron the sun whero ~ < Vmw and d) where
~h>vw.

f
OIly ma of the Ccur panels

is cans stent with wavea detected by ICC,
panel a.
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The mtaepenirq of tha qreasive hydrunagnetic
wavee at ad near the b wave also offers a ne
t.ural ●xplmatim for the obseFJed polarizaticm of

the large snplittde waves as sketched in figure 6.
If the waves are assuned to be Mslcally circularly
plarized prior to stae~ning, the Charqe in phase
speed due to the ccnpresslve portion of the large
anplitde wave will tend to elorqate tha sinusoidal
oscillation into a pradaninantly ‘linear pxtion”
follcn4 by a rapid partial rotation at the lead-
irq edge o-f the steep&ed waves (ret 9).
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F!qura 6, A cch~tlc of an inltlal nlnuaoldal
wave (~nal a) ad a ncmllrmr stoepsned
wave (b). ‘flm wave io propsgatlrq to the
lot~. Ttm atee~ned wave a~mara aa a
faat phdao rotation (rotatlcmal dlncxm
tinulty) follwad by a lotrler~rlod,
mher rotdt,lon.

. -.
llle atmvti Ln qualitatively mxwlstent with Ohaew-
tionn. ‘h nmnso of thin r~pld rOtJtlOn dmtarmlnml
by analymie of ICE data 1s alwnyn Iwft-hmwled, LA.It
~illCLI tho wave p.Lar~Mt~CJn will ha roversnd ~ the
rdpk! Sddr Wld CC4WOCtl~ (v M > Cph), th w~ve~
will bt tlqht-hand polarlzod !hkhvplmma frium.
l?li~ iS JIWI Corwlistmt with fdnt+mti~ pr~’mJatiun
tr~ards the ml,lr dlrocticm,

J. SIMM(WYNlll Imlrll)s[(il!;

I?w atwu ol)~crv~tiomn can b wmplainml fl~.m a
nlnplu m>lnl of c~.Iwtn~ ion pick+p ~ tlm w]lar
wind. Fur typical irlt,~r[jl~ll,)t,ll,t nmqnotic flw IIl

J



orientatmms relative co the solar wind velrxlcy
(a = 45”), theV~w x ~ eleccric Eleld accelerates
the Creshly produced im9 to tierace kinetic ener-
gies. Particles will accstn a gyro velcclcy of V~b
sln a ad a prallel velmlcy of VSW coca in the
Wlar wind frme relative co the IHF. mls hellcal

bean of ions sill De unscaDle co a rescmanc gyrat-
ing rirq instability (refs. 10-13). lhewavesas=c-
iatOd with ChlS resonant lnStSblllLy -111 nave a
right-hard sense and will pr~agate parallel to, tmc
sl~r than, tne Lm beam. me WCIVeS will t~erefore
have Cw < Vsward os blcm &ck ty solar wml cm-
Veccim. The a“m scenario M mgisttnc wlcn all

of the obaemfacions presented in 01s paper.

Scqwnim2 of tne waves co tom a 10T perl~
‘llnear” wave and a high frquency Parclal rocacmn
(rocatlcmal dlsconcln.icy) was demnscraced CO be
mnalstenc .ltn fast-rode wave prcpagacion in a
high B (- 2.5) pla~a. Near cne ~ wave, the
greatest cmcriwt~cm to cne plssna pressure 19 Lne
hot cmata~pickwp ions. Cbseped wave stee~nlq
Is *11 correlated wicn tne expectedrate of chaqe
o? o wltn incroasi~ distance from the comet.

4. FINAL ~

w have atterrpced co bstter define the mmtary HID
kava ties so tnat space plasaa pnysiclsts can make
f.rtner advancamncs in mr underscandlng of Fhe

onrall solar wi*cmwt interaction. *eclC lcal-
ly, - of tne mmql~ (future] prcOl- are:
11 a better umjerscmi~ of tne gr~th, saturaclcm
ard damplnq nwcnanlma of the nmllnaar mnetary
waves. The SLrLK for me enocmcus dave energy 1s
prasontly unexplored. 2) Resent wave~rtic]o
SCa Cter L~ Ch-ries L% nor artq,~acely ac++req% p>

clcle interactions Llcn nonllnear haves ditll these
characterlsclcs. The waves have 14rg9 qlLCWdCS
(AF/lBl- 1), they ●re strongly Ccx?pressive (A181/
IBI- 0.5) am! the eteepsmed ampresslve wave frmts
haw scale sizes rmch mnaller than tne ccsretmy
ton gyroradli [irplyIw rapid particle ecatterlng).
Furthermore, because of mnllnear wave steepanlm~
(tne leadifq edge of the wave attains ● faster rate
of rocatlontihlle the tra!lmg prtlcm hcunes ●l-
gated), particles respmsiDle for generatiq tne
waves will smn fall WC of resonance. 1) Stccha*
tic Final acmleratlon 0( ●nergctlc Wrtlcles (tmt~
solar wind protons and mcary heavy lcmn) 1s pm
bahly ocarrl~ (rafs. 14-15). Msidee stafidarrl
semnd-o~er atahastlc ●cceleratlm, flr9t-order

acmloration NV b L~rtant due to particle 1-
t9raCthi With tf’L9 ShCCk-11k9 (cmpresnlve) waW
scmccuren. 4) The development of the tbl~?ro+
like spctrm (tne-~pectral snaps fmn tn9 H20 w-
clotrw rmak at 10 H tohiqher fr~clesl. r-
latlvely mncmth ad cl~splays a - F depcm!once)
I- intriguing ●nd 1s yq~ u-explained. bcause of
tna rmnllnear ntture of many o“ the acme prohlmw.
ccqmter slmlaclann W7 be tnq best (am’ ~fislnly
only) approacn.
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